Data of electrical voltage measured between the ends of the CAM-1 cable, during fifteen months, have been analysed in order to determine the electrical stability of the cable and to obtain some preliminary information related to water transport. The monthly average of the potential measured during days with low geomagnetic activity suggests a periodicity of 120 days that was tentatively interpreted as having origin in water flow. These results show a small trend that is compatible with no drift in the cable. The mean electric field estimated from quiet days is 0.206 ± 0.022 mV/km. If the variations of this potential are attributable to ocean water transport a total water flow of ±0.09 cm/s is estimated. This value represents a maximum value for temporal variations of the spatially averaged water-flow velocity.
Introduction
There are several retired telecommunications cables in use for scientific purposes (see e.g., Sanford, 1982; Larsen and Sanford, 1985; Chave et al., 1992; Fujii et al., 1995; Palshin, 1996; Flosadottir et al., 1997; Vanyan et al., 1998; Fujii and Chave, 1999 , among several others). The largest numbers of these cables are installed in the Pacific Ocean area. In the Atlantic Ocean there are only 3 cables with measurements in progress (Flosadottir, personal communication) : the TAT-8 (between Tukerton in USA, Penmarch in France and Widemouth in England), the CAM-1 and the PENCAN2ext (between Grand Canary and Tenerife). There are also references to some measurements (19 days) in the cable between Tuckerton and Lands End (Lanzerotti et al., 1985) and in the cable TAT-6 (between Rhode Islands and France), carried out several years ago. The geophysically important sources for large-scale cable voltage have been already mentioned by Sanford (1971;  see also Meloni et al., 1983; Chave and Luther, 1990) : 1) geomagnetic field variations originated by time-variations in the ionosphere and magnetosphere electric current systems, 2) motions of the sea-water through the geomagnetic field and 3) leakage of telluric currents associated with the toroidal geomagnetic field at the core-mantle boundary.
The decommissioning of the CAM-1 cable between Porto Novo in Madeira Island and Sesimbra on the Portuguese mainland ( Fig. 1) in 1995, provides us with an excellent opportunity to contribute to the measurement of earth po-Copy right c The Society of Geomagnetism and Earth, Planetary and Space Sciences (SGEPSS); The Seismological Society of Japan; The Volcanological Society of Japan; The Geodetic Society of Japan; The Japanese Society for Planetary Sciences.
tential at a large scale. The geographical coordinates of the cable ends are 38
• 25 N, 9
• 50 W (Sesimbra) and 32
• 48 W (Porto Novo). The length of the cable is 1150 km, with 35 unpowered repeaters. The impedance of the cable is approximately 5500 ohm. At the Sesimbra terminus the cable is sunk in sea sediments and used as ground. In fact, the cable was cut 2 km away from the coast and thrown to the ocean, when it was decommissioned. At the Madeira terminus the cable runs into a cellar under the old Marconi office building in Porto Novo. This provides a stable temperature environment. At this end one of the old telecommunications standard five-foot-long ground rod that is sunk in the sea is used as ground.
The voltage difference between the central conductor of the cable and the sea ground is measured and digitised with a 16-bit ADC (a Campbell datalogger) at 2 s intervals, but only the 30-s averages are saved. Time is controlled by the datalogger clock, which is corrected when data are collected. Experience showed, however, that this process must be improved in order to guarantee more accurate time measurement. A GPS controlled clock system is now in use.
The voltage measuring started in November 1998. However, data acquired during the first 45 days, (considered as an experimental period), were not included in this study (Monteiro Santos et al., 1999 , 2000 . After some technical improvements the acquisition started on February 19, 1999. This paper deals with the analysis of data acquired between February 1999 and June 2000. The main objectives are: 1) to analyse the long-term (1 year) stability of the cable, 2) to characterise the probable sources of the principal variations and, 3) to obtain preliminary information related to water flow. lunar M2 constituent is also clearly depicted in the spectrum.
Raw Data
Calculation of the average value of all the available data give a value of 230.05 ± 758.17 mV. The high value of the standard deviation arises mainly from tides and the intense geomagnetic activity recorded by the cable. The semidiurnal tidal component was then filtered by the application of a notch filter. Simple daily mean values were calculated from filtered data (Fig. 4) . The average value of the daily series is 225.83 ± 88.33 mV. The standard deviation now has a much lower value. According to Palshin et al. (2001) , solar daily variations are efficiently suppressed by daily averaging procedure. In our case, due to their importance, tidal signals probably continue to be present in the averaged data and these results are not accurate measures of the integral water transport. A more detailed analysis is needed to reach that objective.
The histogram of the 30-min average values, for the interval February 1999, through to June 2000, is shown in Fig. 5 . The voltages were binned in 300 mV boxes. From the figure one can conclude that the distribution of the voltage values is not symmetrical around zero potential, being biased towards positive values. In fact, the distribution is close to a normal distribution centred at 0.217 V.
The 30-s average values were used to determine averages over seven days and have also been averaged using a twenty day moving window. These results are plotted in Fig. 6 . The plot suggests a periodic variation. However, a more useful determination, in the sense that we can correlate it with water-flow, of the average values needs to take into account the levels of geomagnetic activity (in a preliminary study it was found that the electric and magnetic field show a very high correlation (>0.85) till periods of 120000 s). In order to decrease the influence of the signal induced by external sources only the days with low geomagnetic activity, must be considered. These are usually estimated from daily geomagnetic indexes. Several indexes are in use, for example K, Ap, among others. Nevertheless, the published indexes only consider the quietest ten days in each month. Equivalent information, but not so restrictive, can be obtained by analysing the daily data as follows.
The difference δ H = H maximum value − H minimum value of the magnetic component H was determined for each period of 3 hours. The eight values were then used to determine daily averages δ H of those differences. These values are used as rough estimations of the geomagnetic activity. Values less than 10 nT were obtained on several days in January and December, indicating that these were the quietest months in 1999. The highest values (>60 nT) were obtained on some days in September. In each month-data, those days with δ H < 30 nT and <50 nT were selected and averaged. The results obtained for the δ H < 50 nT condition are shown in Fig. 7 . The number of days used in each calculation is shown at the bottom of the figure. The fifteen months data suggests a possible periodicity of around 120 days. There are two maxima: in the transition from winter to spring (March-April) and in summer (August-September) and two minima at the end of the spring (May-June) and in autumn (October-November). There are no enough data to define what happen in December-January.
A semiannual variation in magnetic activity level has been observed by several investigators according to Lanzerotti et al. (1992 and references therein) . To clarify this point we calculated the monthly mean of the magnetic field components from Guimar. Figure 8 shows the result for Xcomponent. It can be noted that there is no correlation between the magnetic and the cable voltage signals at so long periods. Therefore, it is unlikely that the approximately 120 days variation seen in Fig. 7 has geomagnetic origin. The results presented in Fig. 7 represent the long period variation of the cable voltage and can be used to test for possible systematics in the measurements. A drift in the electrode contact could be expected since the two terminals are made in a different way and are located in different geological (and electrical) environment. The best linear fit obtained from data in Fig. 7 (bottom) with slope of −0.080± 0.057 mV/day reveals that no significant drift is observed, at least in the year interval considered.
Discussion
The average of the mean values estimated from days with δ H < 30 nT is 237.18 ± 25.19 mV, that is, the mean electric field is about 0.206 ± 0.022 mV/km. This value is higher (three times larger) than that measured by Lanzerotti and his co-authors in North Atlantic (Lanzerotti et al., 1985) . Our value is of the same order as the value measured by Lanzerotti in the 4000 km long cable between Hawaii and California , and with the same sign. Part of this electric field is due to electrochemical effects associated with the ground connections. The other part can be attributed to possible ocean flows across the cable. It is not possible to determine exactly the contribution of the electrochemical effects to the potential.
We will assume that the value of the mean electric field has electrochemical origin and that the long period oscillations (with amplitude of ±0.022 mV/km) can be explained by water transport. However, a correlation between electrical potential and water transport only can be made whether independent measurements of mass transport are available.
As we do not have such measurements we will estimate a value of the vertical mean of the conductivity-weighted velocity for the total flux of water, assuming a very simple model (Sanford, 1971; Spain and Sanford, 1987) . Neglecting displacement currents, self and mutual induction phenomena, depth integrated electrical currents and large-scale electric currents, the voltage induced by a flow of conductive sea water in the magnetic field of the earth can be expressed approximately by E = B z × v. E represents the horizontal electric field, B z the vertical component of the magnetic field and v is the mean conductivity-weighted velocity. According to the general theory of the motional induction in the sea, the mean conductivity-weighted velocity is define by (see, e.g. Spain and Sanford, 1987) : However, when using the proposed model for the interpretation of the CAM-1 cable data we must take in mind that: a) the cable data are affected by lateral currents, which pattern is unknown; b) there are downstream (and temperature) variations which pattern is completely unknown; c) the seabottom geoelectric structure is also unknown. Therefore, the application of the model can only give us a very preliminary value of the total (net) water flux through the cable. The vertical component of the earth's steady magnetic field in the region crossed by CAM-1 is 24000 nT and the estimated value for the total flux of water is then ±0.09 cm/s. As mentioned, this value must be verified with other observations.
The information contained in the short period measurements is dominated by induced electromagnetic field and can be used for solid earth investigations (see, e.g. Lizarralde et al., 1995; Vanyan et al., 1998) . More precisely, an estimation of the electrical resistivity with depth can be obtained. These studies, now in progress, are based on the magnetotelluric sounding theory and can be carried out with the help of the geomagnetic data from Guimar Observatory in Canary Islands.
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